Observations on feeding and biochemical characteristics to improve larviculture of Robsonella fontaniana (Cephalopoda: Octopodidae) by Uriarte, Iker et al.
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
Observations on feeding and biochemical characteristics to improve larviculture 
of Robsonella fontaniana (Cephalopoda: Octopodidae)  
 
Iker Uriarte1,2, Ana Farías1,2, Kurt Paschke1,2, Juan Carlos Navarro3 and Carlos 
Rosas4 
 
1Instituto de Acuicultura, Universidad Austral de Chile, P.O. Box 1327, Puerto 
Montt, Chile, iuriarte@uach.cl 
2CIEN Austral; Puerto Montt, Chile 
3Consejo Superior de Investigaciones Científicas; Instituto de Acuicultura de 
Torre de la Sal, Castellón, España 
4Unidad Multidisciplinaria de Docencia e Investigación de Sisal, Facultad de 
Ciencias, Universidad Nacional Autónoma de México; Mérida, México 
 
 
Corresponding author: Iker Uriarte, iuriarte@uach.cl 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
Abstract 
 
At present, the production of merobenthic octopuses with a post-eclosion 
planktonic phase is a great challenge for global aquaculture. So far, juveniles 
from only four species have been reported to have been obtained under 
controlled rearing conditions: Octopus vulgaris, Octopus joubini, Enteroctopus 
dofleini and Robsonella fontaniana, the only Chilean species. Robsonella 
fontaniana (Orbigny, 1834) is a small-sized octopus traded in international 
markets as “baby octopus”. It is distributed over nearly the entire southern coast 
of South America, both in the Pacific and Atlantic coasts. This study shows new 
results regarding the biochemical characteristics in embryonic and paralarval 
stages, as well as the characteristics of food consumption during the paralarval 
stage that allow us to discuss a baseline on which to define a strategy for the 
larviculture of this species.  
 
 
Keywords: paralarva, zoeae, feeding behaviour, merobenthic octopus, 
larviculture, biochemical composition, Robsonella fontaniana. 
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1.- Introduction 
Two types of octopods can be distinguished both for fisheries and aquaculture: 
merobenthic species, characterized by a post-embryonic planktonic stage; and 
holobenthic species, characterized by a post-embryonic benthic stage (Boletzky 
et al., 2002). The eggs of the octopuses are tied to the lifestyle after hatching, 
thus the species laying small eggs (under 10% of the adult mantle length) have 
a planktonic life as paralarvae, whereas species producing large eggs (over 
10% of the adult mantle length) immediately spawn juveniles that will live in the 
benthos (Villanueva et al. 1994; Boletzky et al., 2002). The eggs of R. 
fontaniana fluctuate between 3.5 and 6.8% of adult mantle length (Uriarte et al., 
2009) and after eclosion, paralarvae have a planktonic life ranging from 72 to 74 
days (Uriarte et al., 2010a). 
 
Larviculture of merobenthic octopuses poses interesting challenges that need a 
multidisciplinary approach in order to achieve production at a commercial level. 
These challenges have been identified in workshops on the subject (Iglesias et 
al., 2007; Uriarte et al., 2010b) that indicate that the greatest difficulties of this 
are the inadequate nutrition and culture systems.  
 
For R. fontaniana reared in laboratory, it has been observed that yolk decreases 
exponentially during embryonic development, with only 10% of the initial yolk 
remaining at hatching. Also the protein content in the perivitelline fluid of R. 
fontaniana eggs decreases exponentially from 0.19 to 0.04 mg protein µL-1 
throughout the embryonic development at a rate of 0.0012 mg µL-1 day-1 
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(Uriarte et al., 2009).  Respect to digestive enzymes of R. fontaniana, until 10 
DAH, type of diet did not affect any paralarvae enzymes. Acid phosphatases 
and total proteases were not affected along the experiment with animals 
between 1 to 30 DAH. On the contrary, trypsin and chymotrypsin where affected 
by type of diet just when paralarvae were between day 15 to 30 DAH  (Pereda 
et al., 2009). 
  
In the present study the aim was to study how the type of diet and light 
modulate the food consumption and growth of R. fontaniana during paralarvae 
development in attempt to define in a more precise form its culture. Also the 
chemical composition of hatchlings was obtained with the aim to obtain a base 
line of R. fontaniana paralarvae from wild females.  
 
2. Material and methods 
Eggs and paralarvae  
R. fontaniana females and their spawn attached to stones were collected in the 
field and transported to the Marine Invertebrate Hatchery Laboratory of the 
Universidad Austral de Chile (HIM-UACH). Once in the laboratory, the animals 
and stones with eggs were placed individually in aerated sea water tanks kept 
at 11°C and 30‰ salinity and connected to a sea water re-circulation system. 
During embryonic development, the spawn was incubated by the females and, 
upon hatching, the paralarvae were transferred to experimental tanks.  
 
Paralarvae performance with enriched Artemia 
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R. fontaniana paralarvae that hatched in summer, the same day,  were placed 
in 1-L glass recipients at a density of 5 paralarvae L-1. The glass flasks (9 cm 
diameter and 20 cm high) were covered with black plastic lids and fed with 
metanauplius and adult Artemia cultured with the microalgae Isochrysis aff 
galbana (T-Iso) and further enriched with Nannochloropsis. Paralarvae were fed 
once a day and the morphometric measurements and survival evaluation of the 
paralarvae were carried out as described Uriarte et al (2010a).  
 
Feeding Behavior   
In order to determine which prey and light conditions to use to feed paralarvae, 
a factorial bioassay was conducted in which factor 1 was the type of diets and 
factor 2 was the absence or presence of light in the culture systems. Paralarvae 
were offered 4 mono diets based on crustaceans: Artemia, amphipods, Lithodes 
santolla zoeae and Pagurus sp. zoeae. Three replications were performed per 
each combination of treatments.  
 
Biochemical Composition  
In order to determine the proximal composition of paralarvae, samples of newly 
hatched paralarvae from every clutch were freeze dried. Eggs of three days old 
after laying were sampled following methods cited by Uriarte et al. (2009) to 
separate perivitelline liquid from the yolk. The age of the eggs was calculated 
from each clutch considering 74 days at hatching. Protein, lipid and 
carbohydrate were analysed in paralarvae following methods cited by Farías et 
al. (1998). Fatty acid methyl esters were extracted from eggs and paralarvae 
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and analyzed by the methods cited by Navarro and Villanueva (2000) with 
equipment and standards cited by Farías et al (2010).  
 
Results 
Paralarvae performance with enriched Artemia 
Mantle length/total length (ML/TL) values recorded at 1 day after hatch (DAH) 
were 0.50 and at 70 DAH were 0.57. The final total length observed in 
paralarvae fed enriched Artemia was 5.2 + 0.7 mm. Although paralarvae fed 
Artemia survive animals did not growth during 70 days of culture showing a non 
significant slope of 0.002 mg d-1.  
 
Feeding Behavior   
The number of individuals consumed for R. fontaniana paralarvae was higher 
when octopuses were fed Pagurus zoea than Artemia or L. santolla zoea. 
Amphipoda was not consumed with or without light (H (3, N=64) = 0.60, 
P<0.0001). There were no statistical differences on preys consumed with or 
without light (P > 0.05; Fig. 1a). In terms of  biomass Artemia was consumed in 
a higher quantity than L. santolla and Pagurus (H(3, N=64) = 43.73, P< 0.0001), 
eating similar with or without light (P > 0.05; Fig. 1b).  
 
Biochemical Composition  
Results showed that paralarvae hatched having a protein and lipid content of 
51.7 ± 3.7 % and 11.5 ± 1.7 % of the dry weight, respectively, while 
carbohydrates reached values of 8.9 ± 1.0 % of the dry weight. Since all 
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paralarvae hatched from eggs collected from a natural environment, these 
values represent the natural hatching compositions of larvae. 
 
In eggs of 3 days old after laying, it was observed that the fatty acids 16:0, 18:0, 
18:1 n-9, 20:1, 20:4 n-6 (arachidonic acid, ARA), 20:5 n-3 (eicosapentanoic 
acid, EPA), and 22:6 n-3 (docosahexanoic acid, DHA) of total lipids of eggs, 
explained 74 to 79% of the of the total fatty acid methyl esters (FAME) (Table 
1). Saturated fatty acids (SFA) 16:0 and 18:0 represented 38,4% (SD= 4,2%) of 
the FAME, whereas the highly unsaturated fatty acids of n-3 series (HUFA n-3) 
constituted the 34,4% (SD=4.4) of the total FAME. Ratio DHA/EPA of egg yolk 
was of 0,88 (SD=0.15), whereas EPA/ARA ratio of egg yolk was of 4,85 
(SD=0.76). 
 
In paralarvae of 1 day old after hatching, it was observed that the fatty acids 
16:0, 18:0, 20:1, 20:5 n-3 (eicosapentanoic acid, EPA), and 22:6 n-3 
(docosahexanoic acid, DHA) of total lipids explained 65% of FAME (Table 1). 
Saturated fatty acids (SFA) 16:0 and 18:0 represented 33.6% (SD= 1.9%) of the 
FAME, whereas the highly unsaturated fatty acids of n-3 series (HUFA n-3) 
constituted the 28.6% of the total FAME. Ratio DHA/EPA of paralarvae was of 
0.52 (SD=0.01), whereas EPA/ARA ratio of paralarvae was of 10.86 (SD=0.28). 
 
Discussion 
 
Results showed that is possible to obtain paralarvae of 70 days old when 
Artemia enriched with microalgae is used as diet. If we compare published 
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results of mantle length/total length ratio (ML/TL) of animals fed L. santolla zoea 
(Uriarte et al. 2010a) with octopuses of present study fed enriched Artemia 
apparently it was not affected by different type of diet (Fig.2). In contrast TL 
should be affected by type of diet because of high values reported by Uriarte et 
al. (2010a) on paralarvae of 70 days-old fed on L. santolla zoea (11 + 0.9 mm) 
in comparison with values observed in paralarvae fed on enriched Artemia (5.2 
+ 0.7 mm).  Although paralarvae fed Artemia survive animals did not growth 
during 70 days of culture showing a non significant slope of 0.002 mg d-1 (Fig. 
3). In contrast animals fed L. santolla zoea, besides survive, showed a positive 
and exponential curve with a growth rate value of 0.04 mg day-1 (Uriarte et al. 
2010a). If also considering the small size of paralarvae fed with Artemia, then it 
can be deduced that the energy and nutrients obtained from Artemia were not 
used to grow but only to complete the ontogenetic development. This is what 
allowed planktonic R. fontaniana to have the arm to mantle proportions typical 
of paralarvae with settlement behaviour. 
 
In the present study was observed that R. fontaniana paralarvae they do not 
show a clear dependency of the light for the capture of prey, but differences in 
the consumption between zoeas of different species are observed. In O. 
vulgaris paralarvae a clear dependency of the light for the capture of prey has 
been observed, without getting to constitute the light in an essential factor for 
the capture (Marquez et al. 2007). The absence of consumption in amphipods 
was not awaited because for E. doffleini the amphipods have been mentioned 
like diet of paralarvae (Villanueva and Norman 2008). 
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The values of DHA/EPA ratio of egg yolk of R. fontaniana (0.9) were half that 
observed in egg yolk of E. megalocyathus (2.0 by Farías et al. 2010) and lower 
than values reported for hatchlings of O. vulgaris (1.7 and 1.5 by Navarro and 
Villanueva 2000, and Seixas et al. 2010, respectively). Also they are lower 
values that the found ones for mature gonad of females of O. vulgaris and O. 
defilippi (2.1 and 2.0, respectively, Rosa et al. 2004). According to Sykes 
(2007), values of DHA/EPA ratio higher than 1.5, in eggs of Sepia officinalis, 
have a normal embryonic development, and values near 1.0 are associated to 
malformations or absence of development, although their results were not 
conclusive. The egg development of R. fontaniana was normal arriving at 
hatching, although there was not a study of the development of paralarvae after 
hatching. 
 
The EPA/ARA ratio in the R. fontaniana egg yolk was highest that observed in 
egg yolk of E. megalocyathus (2.6) by Farías et al. (2010), or in hatchlings of O. 
vulgaris by Navarro and Villanueva (2000) and by Seixas et al. (2010) (1.7 and 
2.0, respectively), and in mature female gonads of O. vulgaris and O. defilippi 
(0.9 and 1.7, respectively for Rosa et al, 2004). Nevertheless EPA/ARA ratio in 
the R. fontaniana egg yolk (4.9) is similar to reported for hatchlings of Loligo 
vulgaris (4.4) by Navarro and Villanueva (2000), and far below to which these 
same authors report for hatchlings of S. officinalis (15.9). 
 
Results obtained in the present study showed that nutritional composition of 
preys could be the main reason to produce differences in survival and growth 
between treatments. The requirement of HUFA n-3 for octopus paralarvae was 
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questioned recently by Seixas et al. (2010) because they failed to observe any 
enhanced survival or growth when paralarvae were fed with Artemia enriched 
with DHA. R. fontaniana paralarvae that was fed on L. santolla zoeae showed 
higher growth rates and higher paralarval final sizes than paralarvae fed with 
Artemia enriched with Nannochloropsis, which is the recommended diet for O. 
vulgaris paralarvae (Seixas et al. 2008, 2010; Viciano et al., 2009). It is 
therefore proposed that as lecitotrophic L. santolla zoea, cover the nutritional 
requirements of R. fontaniana paralarvae, then the analysis of nutrients such as 
phospholipids, cholesterol, aminoacids, fatty acids, and vitamins of L. santolla 
zoea could provide the basis for formulating a good diet for octopus paralarvae.  
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Figure captions 
 
Figure 1.- Robsonella fontaniana. Ingestion rate during early development on 
different Crustacea prey and illumination conditions: a) Expressed as number of 
ingested preys; b) expressed as dry weight ingested per day. Preys: Artemia 
sp., Amphipoda , Lithodes santolla Zoea I; Pagurus edwardsii Zoea I 
 
Figure 2.- Robsonella fontaniana. Ratio of Mantle length/Total length (ML/TL) at 
first day after hatching (1 DAH) and at settlement (70 DAH)  and Total length 
(TL) for two different batches. Spring batch from Uriarte et al. (2010a), and 
summer batch of current study. 
 
Figure 3.- Robsonella fontaniana. Growth in wet weight throughout paralarval 
stage from 1DAH until settlement at 70 DAH for two different batches. Spring 
batch from Uriarte et al. (2010a), and summer batch of current study. 
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Fig 1a 
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Fig. 1b 
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Fig 3 
  
 
summer: WWt = 8,78e
0,003*t
R
2
 = 0,08
spring: WWt = 5,17e
0,047*t
R
2
 = 0,80
0
50
100
150
200
250
300
350
400
0 10 20 30 40 50 60 70 80
Time (DAH)
P
a
ra
la
rv
a
e
 w
e
t 
w
e
ig
h
t 
(m
g
)
spring/L. santolla summer/Artemia
 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
Table 1. Fatty acid of total lipids (% area) of egg and paralarvae of R. 
fontaniana. Data are the means of three replicates and standard deviation. 
 
FAME Egg yolk Paralarvae 
<16:0 4,80±0,75 6,55±1,13 
16:0 27,15±2,93 26,68±1,99 
16:1 0,99±0,78 1,89±0,24 
17:0 0,80±0,29 0,82±0,23 
18:0 5,55±0,76 6,89±0,19 
18:1n-9 0,82±0,23 0,90±0,02 
18:1n-9 0,45±0,05 0,45±0,01 
18:1n-9 3,05±0,44  
18:2n-6 0,54±0,24 1,85±0,06 
20:0  0,16±0,01 
20:1 5,45±0,50 4,92±0,27 
18:3n-3 0,34±0,01 0,30±0,02 
20:2  0,51±0,01 
22:1n-9b 0,56±0,18 0,51±0,22 
20:4n-6 3,63±0,41 1,64±0,08 
20:5n-3 17,38±1,35 17,86±1,10 
22:5n-3 1,09±0,40 1,48±0,11 
22:6n-3 15,35±3,11 9,25±0,63 
SFA 38,36±4,18 41,51±2,70 
MUFA 8,26±0,97 8,71±0,33 
PUFA 41,67±4,12 33,58±1,94 
n-3 34,57±4,44 29,25±1,82 
n-6 3,95±0,52 3,82±0,14 
DHA/EPA 0,88±0,15 0,52±0,00 
EPA/ARA 4,85±0,76 10,86±0,28 
 
 
 
